Malate efflux from leaf cells of the Crassulacean acid metaboUsm plant Kalanchoc daigremontiana Hamet et Perrier was studied using leaf slices submerged in experimental solutions. Leaves were harvested at the end of the dark phase and therefore contained high malate levels. Water potentias of solutions were varied between 0 and -5 bar using mannitol (a slowly permeating solute) and ethylene glycol (a rapidly permeating solute), respectively. Mannitol solutions of water potentials down to -5 bar considerably reduced malate efflux. The slowly permeating solute mannitol reduces both water potential and turgor potential of the cells. The water potential of a mannitol solution of -5 bar is just above plasmolyzing concentration. Malate efflux in ethylene glycol at -5 bar was only slightly smaller than at 0 bar, and much higher than in mannitol at -5 bar. Tissues in rapidly permeating ethylene glycol would have turgor potentials similar to tissues in 0.1 mM CaSO4. The results demonstrate that malate efflux depends on turgor potential rather than on water potential of the cells.
In previous reports (15, 18) it has been shown that malate efflux from leaf slices of the CAM3 plant Kalanchoe daigremontiana is greatly reduced when the water potential of the medium is lowered, in the nonplasmolytic range, by addition of mannitol. Slowly permeating mannitol would lower both water and turgor potentials. A distinction between these two parameters of water status can be made by comparing effects of slowly and rapidly permeating solutes (8) . In contrast to mannitol, rapidly permeating ethylene glycol will only transiently reduce turgor potential, although the water potential will be lowered. A use of this approach in studies of malate efflux from K. daigremontiana leaf slices is reported here. The results suggest that the malate efflux from the leaf slices is affected mainly by turgor potential.
MATERIALS AND METHODS
Maintenance of Experimental Plants. Plants of K. daigremontiana Hamet et Perrier were grown in a greenhouse for about 6 to 10 months and then kept in a growth chamber for at least 3 weeks. The growth chamber had 12 hr light/12 hr dark, 25 C during the light phase and 15 C during the dark phase, and 60% relative humidity. Light of 12 klux at the level of the plants was obtained from Philipps HPLS lamps. ' Supported by a grant from the Deutsche Forschungsgemeinschaft. 2 triplicates. Figure 1 shows that malate efflux from K. daigremontiana leaf slices is high in solutions of high water potential and low in mannitol solutions of low water potential. This has been demonstrated before (15, 18) , but it has been criticized that it might be related to a wounding artifact. Figure 1 Fig. 4 legend) . Malate efflux is reduced immediately following a return of these leaf slices to mannitol solution (Fig. 4) .
RESULTS

DISCUSSION
Mannitol in the external solution reduces both water and turgor potential of the tissue slices. Ethylene glycol, after an initial phase of adaptation, only reduces water potential, because it is rather rapidly taken up. There are no direct measurements on permeation of mannitol and ethylene glycol relative to each other in K. daigremontiana. In the small cells and the soft tissue of K. daigremontiana leaves, pressure probe and pressure bomb techniques cannot be used to measure water relation parameters directly. However, Figure 3 supports the supposition that ethylene glycol is taken up much more rapidly than mannitol, so that an initial reduction of turgor is relieved during longer periods of incubation in ethylene glycol but not (Figs. 1 and 4) . Thus, the efflux of malate depends on the turgor potential existing at any one time, i.e. transient fluctuations in turgor potential cannot act as a trigger for longer term changes in malate efflux. In CAM cells the bulk of the malate is stored in the vacuoles (1, 14, 18) ; this presents the question of whether turgor pressure can exert an effect at the tonoplast (18) . Recent investigations by Coster et al. (3) clearly suggest that turgor can affect membrane processes acting as an absolute pressure which would also affect the tonoplast. Turgor affects membranes not merely as a pressure gradient which could exist only across the plasmalemma and not across the tonoplast.
An effect of the reduced activity of water in solutions of low water potential on membranes and enzymes in most biological systems has been considered unlikely by Hsiao (11) for quantitative reasons. This had been previously confirmed experimentally for respiration (8) and protein and sucrose synthesis (7), but not for processes like solute fluxes through membranes. As argued above, the present experiments show that malate efflux from leaf slices of CAM plants is mainly dependent on turgor rather than on water potential. That the efflux in ethylene glycol remained somewhat smaller than in the controls may be due to incomplete penetration of ethylene glycol either in the bulk of the cells or into all molecular structures of membranes. Alternatively, low water potentials may have a small effect on malate efflux.
From inhibitor and kinetic studies (16, 17) we have good reason to assume that malate efflux is a passive process. Nevertheless, it is of interest whether turgor potential affects metabolic reactions involved in CAM, as well as malate efflux from the cells. This can be assessed from the malate degradation in leaf slices during experiments like that shown in Figures 1, 2 , and 4.
Metabolic malate degradation can be calculated as follows: malateipiiael -(malateend tion + malate einde) In the light this is about 6 to 9 ,umol hr-' g-' fresh wt, which is similar to the average rate of about 10 ,.mol hr-' g-' fresh wt estimated for leaves of intact plants. In the dark this degradation is less than one-third of that in the light, which appears reasonable since photosynthetic reactions will utilize malate more rapidly than mechanisms operating in the dark. There is little effect on this of mannitol at -5 bar (15) , demonstrating that in contrast to malate efflux metabolism of malate is not affected by turgor potential.
These responses of malate in CAM leaf slices to water and turgor potentials are consistent with effects in other species. Reductions in water potential without concurrent changes in turgor potential have little or no effect on metabolism (7, 8, 19) . Metabolic reactions within the cytoplasm, such as respiration (8) and sucrose and protein synthesis (7) are not affected appreciably even when turgor as well as water potentials are lowered. In contrast, turgor potential does affect reactions on the membrane-cell wall interface, such as ion fluxes (4, 9, 22) , sucrose fluxes (12), urea permeability (5), cell extension (11, 19) , and in the present case, malate efflux.
LITERATURE CITED
